In the male reproductive tract, very high concentrations (mmol l \m=-\ 1) of free l-carnitine and acetyl-l-carnitine are found in the epididymides, seminal plasma and spermatozoa. It has been reported that the uptake of free l-carnitine by spermatozoa might be related to the epididymal maturation of the sperm membrane, since a greater uptake was found by caput than by cauda spermatozoa in vitro. However, the free l-carnitine concentrations estimated inside the gametes were never greater than those of the surrounding medium. In this study, we investigated the mechanism of transport of free l-carnitine and its ester acetyl-l-carnitine, through the plasma membrane of mature and immature epididymal boar spermatozoa. In vitro, we found a passive diffusion of both compounds to the spermatozoa, whatever the maturation stage. The spermatozoa might progress in the epididymal lumen and accumulate high amounts of free l-carnitine. The active uptake of free l-carnitine occurs only across epididymal mucosa. These results are in agreement with those reported on cells of other organs that exchange pharmacological free l-carnitine concentrations (mmol l \ m=-\ 1) by a passive mechanism through the plasma membrane. The acetylation of high amounts of free l-carnitine inside the spermatozoa was found only in caudal spermatozoa. This result suggests that oxidative metabolism (producing acetyl CoA) might be more active in mature cells. The acetyl-l-carnitine added to the incubation medium of boar spermatozoa was hydrolysed. Enzymatic activity of the sperm membrane is low and this may partially explain the low concentrations of acetyl-l-carnitine found in the caudal epididymal plasma.
Introduction
Free L-carnitine (ß-hydroxy-y-N-trimethylaminobutyric acid) is an essential cofactor in mitochondrial transport and oxidation of fatty acids (Bremer, 1983) . Free L-carnitine and its short (acetyl-L-carnitine), medium and long chain acyl esters are members of the carnitine family. Free L-carnitine is synthesized in several tissues (liver, kidney and brain) and is absorbed from dietary sources. The concentration of free L-carnitine in the blood plasma is approximately 10-50 µ 1~in rats (Hinton and Setchell, 1980; Marciani et al, 1991) and humans (Li et al, 1992) .
At physiological concentrations (µ 1~ ) in the blood plasma, free L-carnitine is absorbed through an active and specific transport process in tissues that depend on fatty acid oxidation, for example skeletal and cardiac muscle (Böhmer et al, 1977; Rebouche, 1977) . Total carnitine uptake (free L-carnitine, acetyl-L-carnitine and acyl-L-carnitine) has been studied in several tissues in culture, in vivo or in isolated organs, and the different effects of physiological (µ 1~x ) or pharmacological (mmol 1~) concentrations have been reported by Li et al (1992) . Kinetic parameters of physiological concentrations of free L-camitine differ considerably among the various tissues and depend on tissue-specific processes. An ionic regulation of active transport of carnitine was also reported by Borum (1983) .
In the male reproductive tract, free L-camitine concentration is especially high (of the order of mmol 1~* ) in the epidi¬ dymides (Casillas, 1972) , seminal plasma (Marquis and Fritz, 1965) and spermatozoa (Brooks, 1980) . The accumulation of free L-carnitine in the epididymal lumen is androgen dependent and a specific carrier occurs in rats (Yeung et al, 1980; Hinton and Setchell, 1980; Cooper et al, 1986a) and monkeys (Cooper et al, 1986b) . A 2000-fold difference between the free L-camitine concentration in the blood (µ I~) and the epididymal fluid (mmol 1~* ) was reported in rats and boars (Brooks, 1979a,b; Hinton et al, 1979) . The concentration of free L-carnitine in the spermatozoa of bulls, rabbits, hamsters, rams and boars increased as they pass down the epididymal duct (Casillas, 1973; Casillas and Chaipayungpan, 1979;  Inskeep and spermatozoa than for cauda cells. However, the intracellular concentration of free L-carnitine in the gametes was never greater than that of the surrounding medium (Jeulin et al, 1987) . The passage of free L-camitine (Casillas et al, 1984) , whereas it increases in rams and boars (Inskeep and Hammerstedt, 1982; Jeulin et al, 1987) . High concentrations of acetyl-L-carnitine (> 20 (Vernon et al, 1971) . High concen¬ tration of acetyl-L-carnitine is found inside the mature sperma¬ tozoa of boars (Jeulin et al, 1987) . However, the exchange between external and internal acetyl-L-carnitine of mature epididymal spermatozoa has not been shown.
Recently, the presence of an acetylcamitine hydrolase, located on the caudal sperm membrane from hamster and bull, was reported by Bruns and Casillas (1989) . Purified plasma membrane vesicles contained an acetyl-L-carnitine hydrolase activity and the detergent-extracted enzyme was purified (Bruns and Casillas, 1990 (Marquis and Fritz, 1964, 1965) (Fig. 3a) . The uptake of 3-50 mmol free L-carnitine 1~could not be studied with labelled carnitine because these tested concentrations were very high (Fig. 3b) .
Accumulation of total or free L-camitine inside the spermatozoa was linearly correlated with the external concentration of free L-carnitine. Similar rates of uptake were observed whatever the Fig. 4a ). The concentrations of free L-camitine and acetyl-L-camitine inside the spermatozoa were also estimated after washing followed by preincubation of the gametes for 30 min in carnitine-free medium. These treatments applied on cauda spermatozoa showed a significant decrease of the sperm free L-carnitine (38%) and acetyl-L-carnitine (50%) contents at the end of the incubation (75 min , Fig. 4b) ; however, mean percentage sperm motility was maintained in the range 60-70%. (Marciani et al, 1991) in human jejunum (Li et al, 1990 (Li et al, , 1992 and in human skin fibroblasts and cultured muscle biopsy (Tein et al, 1990; Martinuzzi et al, 1991 
